INTRODUCTION {#s1}
============

Abnormal loads on the lower limb joints induced by sedentary lifestyles, crossed legs, or high-heel shoes usage, or by congenital or acquired factors such as curbed legs and car accidents can cause a medial/lateral muscle imbalance around the knee joint[@r1],[@r2],[@r3]^)^. Consequently, the patella moves abnormally when the knee is flexed or extended, and symptoms such as anterior knee pain (AKP)[@r4]^)^ and changes in gait develop because of pain in the lower limb joints[@r5],[@r6],[@r7]^)^. These changes can cause abnormal gaits, excessive loads on specific joints, or muscle fatigue on specific muscles[@r8]^)^. The methods of changing gait include surgical procedures[@r9]^)^, rehabilitation[@r10], [@r11]^)^, and combinations of the two[@r12]^)^. Rehabilitation takes a longer time compared to surgical procedures; however, it helps the damaged nerves, muscles, and joints to recover to the normal or close to the normal state[@r13]^)^.

Rehabilitation therapy includes physical therapy, therapeutic exercise, manual therapy, and treatments using instruments[@r14]^)^. Since therapeutic exercise and manual therapy require physical therapists, the patients should visit a medical facility. In comparison, the treatments using props and instruments can be received at any time and at any place by the patient themselves[@r15]^)^. In direct rehabilitation, joint rehabilitation exercisers, osteopathic exercisers[@r16]^)^, and exoskeleton robots[@r17]^)^ are used to induce changes in gait and balance by applying forces to the lower limbs. In indirect rehabilitation, in contrast, instruments are applied to the areas other than the lower limbs to induce changes in gait and balance. This method does not produce any resistance from the lower limbs, and the patient constraints are minimal.

The areas in which the indirect method for changing the gait can be used including the temporomandibular joint (TMJ). TMJ is a synovial joint positioned between the mandibular joint process and the cranium temporal bone. Any movement in the TMJ affects the other joints because of its compound structure[@r18]^)^; Owing to its structure and anatomical features, the TMJ interacts with the lumbar muscles that support the spine; hence, it affects the body balance and gait[@r19], [@r20]^)^.

In this study, the usefulness of a TMJ exerciser in changing the gait of patients was verified.

SUBJECTS AND METHODS {#s2}
====================

Eleven patients who underwent knee or ankle joint surgery at the Rehabilitation Exercise Center of Burteam Hospital participated in this study. Their mean age, height, and body weight were 53.2 years, 154.8 cm, and 59.3 kg, respectively. To apply the exerciser onto the subjects, the one-leg stance balance test (OLST) was conducted before the subjects used the TMJ exerciser (NO SICK, Gibunjounsesang, South Korea) as shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.TMJ exerciser. Subsequently, the TMJ exerciser was worn and adjusted by repeated OLSTs. This process was repeated twice or thrice, until a stable OLST result was obtained. All the subjects understood the purpose of this study and agreed to participate. An informed consent form approved by the Institutional Review Board was signed by all the participants.

To measure the balance maintenance levels through OLST, an optical motion capture system (Optitrack, Natural Point, Ltd., USA) was used. Four markers were attached to the LASI, RASI, LPSI, and RPSI in the Helen Hayes marker set. The unipedal stance test was conducted with the eyes closed and the arms crossed, until the subjects could no longer maintain their balance. The test was repeated four times before and after applying the TMJ exerciser. To measure the stability, the pelvic center, the center point of the four markers in the unipedal stance test, was calculated. The anterior/posterior, medial/lateral, and vertical movements of the center point were measured.

To investigate the change before and after using the exerciser, optical motion capture system (Optitrack, Natural Point, Ltd., USA) was used. Sixteen markers (one each) were attached for gait measurement at the LASI, RASI, LPSI, RPSI, RTHI, LTHI, RKNE, LKNE, RTIB, LTIB, RANK, LANK, RTOE, LTOE, RHEE, and LHEE.

To ensure a natural gait that is free from any restraint, each subject was asked to walk a 5-m path thrice with and without the exerciser. By using the obtained marker data, the flection/extension angles of the hips, knees, and ankle joints were calculated during one gait cycle that started from the initial contact of the observed limb to the next contact. The calculated angles of the subjects were compared with those of the non-disabled individuals.

Statistical analyses were performed by using SPSS version 14 for Windows (SPSS Institute Korea, Seoul, South Korea), and the results were presented as mean ± standard deviation (SD). To analyze the changes in gait before and after the test, paired t-test was performed to measure the changes within the group. Statistical significance was accepted for p\<0.05.

RESULTS {#s3}
=======

Because the subjects were in the age of 60s and 70s, the average balance maintenance time was measured between 3 and 4 seconds in OLST[@r21]^)^. The pelvic center point was calculated using the four markers attached to the pelvic area, and the means and SDs of the pelvic center point movements were additionally calculated. As shown in [Table 1](#tbl_001){ref-type="table"}Table 1.The mean and standard deviation of movement of pelvic center points (unit: mm)BeforeAfterSagittal5.76 ± 2.464.20 ± 2.15Coronal4.16 ± 2.962.69 ± 1.46Axial1.89 ± 0.921.55 ± 0.92, mean values of 5.76 mm in the anterior/posterior, 4.16 mm in the medial/lateral, and 1.89 mm in the vertical movements were obtained. After the subjects applied the exerciser, mean values of 4.20 mm in the anterior/posterior, 2.69 mm in the medial/lateral, and 1.55 mm in the vertical movements were obtained. The reason for lower SD measured in all the directions after using the TMJ exerciser was less shaking during the unipedal test, which meant less energy expended for maintaining balance.

For an easy comparison, the range of joint angles from the normal individuals and the subjects was plotted on the graphs with two conditions before and after using the TMJ exerciser.

The hip joint angle changes among the gaits are shown in [Fig. 2(a)](#fig_002){ref-type="fig"}Fig. 2.Joint angle changes before and after using the TMJ exerciser Blue line for before using the TMJ exerciser, red line for after using the TMJ exerciser, and dashed line for the range of normal gait. Hip joint (a); knee joint (b); and ankle joint (c). Although the hip joint angle results before and after using the TMJ exerciser were not within the normal range, the angle approached the normal range in 40--60% region of the gait cycle after the subjects used the TMJ exerciser. The change between before and after using the TMJ exerciser was p\<0.001, which confirmed a statistically significant difference. The change in knee joint angle among gaits is shown in [Fig. 2(b)](#fig_002){ref-type="fig"}. The change between before and after using the TMJ exerciser was significant at 0--60% angle range, which corresponds to the stance phase. The angle change before and after using the TMJ exerciser was p\<0.001, which confirmed a statistically significant difference. The ankle joint angle change among gaits is shown in [Fig. 2(c)](#fig_002){ref-type="fig"}. The gait of subjects was different from that of the normal individuals in all domains; however, the angle change before and after using the TMJ exerciser was p\<0.001, which confirmed a statistically significant difference. Although the use of the TMJ exerciser could not change the subjects' gaits to make it within the normal range, the graph pattern approached the normal range after the subjects used the TMJ exerciser, particularly during the stance phase where the feet were fixed on the floor. Considering that the stance phase is the moment when the body weight is applied to each joint, improvements in the joint angle during the stance phase are expected to reduce the pain during the rehabilitation period.

DISCUSSION {#s4}
==========

In this study, a TMJ exerciser was developed with the purpose of rehabilitating patients who underwent knee or ankle surgery, and the effectiveness of the exerciser was verified through the OLST, TMJ change experiments, and gait tests. In OLST, the TMJ exerciser was set for each subject. Consequently, less shaking of the pelvic center point was observed during the unipedal stance test after the subjects applied the TMJ exerciser because of the increased stability. In the test for measuring the changes in the facial symmetry after using the TMJ exerciser, the marker changes of the 11 subjects before and after using the TMJ exerciser were quantitatively measured considering the individual differences. The goal to improve the facial symmetry could be attained after using the TMJ exerciser. The facial symmetry did not improve in this study because the TMJ exerciser was adjusted during the OLST to maintain the body balance after surgery. Instead, not only the TMJ positions but also the facial symmetry was affected after the subjects used the TMJ exerciser[@r22]^)^. Although the hip, knee, and ankle joint angles were not within the normal range, they approached the normal range after the subjects used the TMJ exerciser. In addition, statistically significant differences in the hip, knee, and ankle angles were observed, which confirmed the changes in each joint after the subjects used the exerciser. Particularly, the normalization tendency was significant during the stance phase, which induced gait pain. Accordingly, the pain during the rehabilitation period is expected to lessen.

The limitation of this study was the small sample size (11 subjects). In the future studies, radiography or imaging technologies may be used to measure directly the TMJ changes with a larger sample group. In addition, test methods accompanying additional treatment protocols need to be developed.
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